Abstract: Solid waste management practices are sometimes implemented with the key objective of taking solid wastes to central destination depots in no particular order. This method often results in different environmental, economic, social and regulatory difficulties. Specific waste management paradigms can provide instrumental control on operation of solid waste managers. This paper proposes decentralisation of landfill sites with a rigid assignment of such sites to demarcated geographical zones. The definite problem was inspired by a case not found in literature. Allocation of the proposed sites was formulated as an assignment problem and optimal schedules obtained using Hungarian method. The approach was tested on data from a real world case in Eastern Nigeria and compared to the existing practice utilised by the waste management authority. The results show that implementation of the proposed schedule can lead to 70% reduction in the subsisting cost of waste disposal with 21% return on capital investment.
Introduction
In certain cases, especially in developing countries, municipal solid waste (MSW) management practices are implemented with the key objective of disposing every available MSW into a destination depot or landfill site in no particular order. This method often results in different environmental, economic, social and regulatory difficulties which not only complicate the problem, but also pose overbearing danger to safety and health of inhabitants, as well as that of personnel and waste service facilities. MSWs which are materials of zero economic importance or economic materials in unwanted places (Tchobanoglous et al., 1977) have been reported to increase in complexity and ambiguity, due to high rate of population growth, urbanisation, economic development and industrialisation (Agunwamba, 2003; Hyman et al., 2013) . It is very important therefore; to create and implement suitable and applicable decision analysis criteria to tackle waste management problems in specific regions. Enugu region in Eastern Nigeria has witnessed unprecedented demographic expansion in recent years evident in phenomenal increase in the volume and diversity of solid waste generated daily (Ajagbe et al., 2004) . The problems militating against efficient solid waste management in the area have been itemised (Chukwuemeka et al., 2012) . It is generally believed that the rise in industrial activities that came with the democratic government in 1999 is a significant factor that contributed to the overbearing changes and challenges in solid waste generation and management. This trend imposes urgent demand on the development of an efficient and applicable management and disposal technique for MSW management in the region. The factors influencing the mode and rate of solid waste generation is found in literature (Tchobanoglous et al., 1977; Babayemi and Dauda, 2009) . Researchers had conducted studies in the characterisation of solid wastes (Abur et al., 2014) , and the waste management practices in Enugu city (Amalu and Ajake, 2014) .
Waste management is entirely a global problem and some guidelines to facilitate success in the attempt to handle it effectively have been developed (Boada et al., 2003) . There are some works bordering on solid waste generation, management, optimisation of collection method (Tchobanoglous et al., 1977; Hyman et al., 2013) as well as order of vehicle tours (Chang and Wei, 2002; Anupam et al., 2010) . Solid waste management practices vary from towns to cities, rural to urban areas, residential to industrial layouts as well as developed to developing nations (Otti, 2011; Ugwu, 2009; Clark and Helms, 1972) . Determination of the least cost schedule for solid waste recycling (Lund, 1990) and compacting methods of waste disposal have received attention in the past (Marla, 2013) . Achieving better control and management techniques for MSW in particular and its attendant problems in general have spurred more works leading to the availability of multifaceted and commendable MSW techniques, (Morrissey and Brown, 2004; Dai et al., 2011; Achillas et al., 2013; Ghiani et al., 2014) . These techniques can broadly be divided into two key categories, which are systems engineering models and system assessment tools (Pires et al., 2011) , despite the subdivisions and interrelationships that exist between each category.
Optimal utilisation of facilities and personnel in MSW management environment often results in integrated modelling techniques. Typical systems engineering models for MSW management embrace integrated management system (IMS) that involve several facilities and personnel employed to achieve efficient waste collection, treatment, or, to provide capacity for effective disposal (Dai et al., 2012) . Ghiani et al. (2013) propose an integer programming model to determine optimal schedules at minimum cost within personnel and vehicle shift scheduling in management of waste in the city of Nardo, in the Apulia region of southern Italy, though routing of solid waste disposal vehicles has received attention in previous works (Boada et al., 2003; Chang and Wei, 2002) . The class of MSW vehicle routing problem has been extended to account for intermediate facilities by integrating a heterogeneous fixed fleet and a flexible assignment of destination depots (Markov et al., 2016) . The authors underlines that the policy of flexible assignment of destination depots will certainly be applied in cases where there is an economic benefit. Vehicle movement was assumed to start at an available origin and end at an available destination, but must visit a dump before the destination. The model though fantastic, may not fare well in emerging economies where assignments of waste disposal facilities are done at random. It will not be economical to implement such techniques in a locality that utilises a single dumpsite due to the associated long travelling distances that could raise the vehicle running cost. The possibility of the dumps being premature for waste collection and other associated uncertainties that could lead to losses in man hours and vehicle running cost makes uncertainty models credible in waste management.
There exist optimisation models formulated to overcome significant uncertainties of flexible assignment of destination deports models and deepen the analytic accuracy of MSW management. Dai et al. (2011) coupled the support-vector-regression (SVR) model with an interval-parameter mixed integer linear programming (IMILP) model to develop a two-stage SVR optimisation model (TSOM), with the capacity to predict future waste generation incidence. The TSOM reflects dynamic, interactive, and uncertain features of MSW management. The combination of interval-parameter dynamic programming (IDP) and chance constrained programming (CCP) to develop a powerful model useful in the capacity planning of integrated MSW have been tested with real life data taken from the city of Regina in Canada (Dai et al., 2012) . The authors show that the iterative solution process for the resultant interval-parameter chance-constrained dynamic programming (ICDP) model enumerates various facility expansion options that could lead to optimal waste transportation or treatment costs under each of the facility expansion options. Three different modelling approaches; namely interval mathematical programming, two-stage stochastic programming and conditional value-at-risk (CVaR) were combined to develop an interval parameter mean-CVaR two-stage stochastic programming (IMTSP), (Dai et al., 2014) . The authors show that IMTSP can tackle uncertainties presented as interval numbers and probability distributions. System assessment tools, specifically socioeconomic assessment (SoEA), risk assessment (RA), environmental impact assessment (EIA), and strategic environmental assessment (SEA) can aid the evolution of environmental friendly MSW management scheme (Pires et al., 2011) . The inevitable uncertainties inherent in EIAs have adequately been considered in the past (Cardenas and Halman, 2016) . Presentations on EIA of MSW management for various locations and spheres are available (Yang et al., 2014; Ding et al., 2016) . Cost-neutral-based modal shifts which could reduce the total green house gas emissions and societal impact associated with MSW management has been proposed (Inghels et al., 2016) .
It is evident that concerted efforts by researchers to curb the menacing effects of poor MSW management have not yielded the desired result in Enugu region. Most areas (market squares, major roads, streams, streets) stink because of the refuse heaps either begging for proper disposal or disposed indiscriminately by its generators. This could be as a result of the difficulty in application of some of the existing models, considering the differences in some peculiarities (literacy level, social attitude, economic realities, standard of living,) of the area for which the existing management systems were designed and the studied region. The region enjoys perimeter virgin lands that can be explored for improved MSW disposal. Presence of health threatening solid waste hips that is commonplace in the area may be a glaring pointer to the fact that the mono dump site system hitherto used by the Enugu state waste management authority (ESWAMA) is not effective. This fact often compels ESWAMA to resort to emergency (fire-brigade) response towards arresting overbearing situations of MSW. This method is not only sub-optimal, but also disorderly and poses serious safety and health hazard to both the inhabitants and ESWAMA personnel as well.
The absence of adequate land fill site area contributes greatly to poor waste disposal strategy (Anupam et al., 2010) . Only one land fill area serves the entire length and breadth of the case region. The immediate effect of this is that compactors are subjected to cover large travel distance daily with its attendant fatigue to personnel and increased running cost to ESWAMA. The availability of any work that addresses the problem of optimisation of the MSW management system currently used by ESWAMA is not known to the authors. Creation of research oriented and a completely new landfill site for each of the ten zones of the region is entirely an original concept, which is a reasonable step to improving the current trend. The assignment technique explored in this work is a mature and powerful operations research model that can solve allocation problems specified in this paper. Its solution by Hungarian method is very efficient in finding the optimal solution without encountering the difficulties of other solution procedures. The location and allocation of the proposed sites should be such that environmental regulations, convenience, health and safety of the inhabitants are not compromised. Improved management systems should ensure that travelling or trekking distances of inhabitants and ESWAMA personnel and facilities to solid waste receptors are reduced to forestall indiscriminate solid waste disposals. Such management strategy should be cost-effective and implementable with ease in both the design region and others with similar features. An attempt is made to tackle some of these issues in this paper.
Material and methods
In the course of this research work, it was gathered that the only official landfill site for the Enugu metropolis is Ugwuaji landfill site. The total distance travelled by the compactors to the landfill site under the existing MSW disposal method is 114.10 kilometres and the average distance is 11.41 km. In the current design, the total distance travelled by the compactors from each zone to each landfill site is 54.25 km and the average distance is 5.425 km. The transportation cost per compactor per day is $75.
Data collection
The data used in this work were collected from both primary and secondary sources. Some tools of participatory appraisal techniques namely; direct observations, archival documents, interviews with ESWAMA staff with over ten years' experience as well as structured questionnaires aided the collection of data for the research. Tables 3 and 4 presents the data of solid waste disposal equipment and mean annual expenses sourced from records of ESWAMA for the period covering 2007-2013. The questionnaires were administered to 1,000 respondents, drawn from the inhabitants of the ten zones. The ten zones were sourced from the ESWAMA operation unit. Table 5 presents the summary of the questionnaire data. Organised field tours to all the ten zones in the region were embarked upon, to determine the level of waste accumulation in the region. Data of the average amount of solid waste generated in each zone was sourced from ESWAMA records. The data of 2006 national census sourced from the National Population Commission (NPC) were relied upon to determine the population and the average amount of solid waste generated in each zone. Figures 1, 2 and 3 presents relevant maps and road network of Enugu region sourced from Google map. The average distances from each zone (centre) to each landfill site Table 1 , were determined by measurement and extensive map reading exercise of Figure 1 (using the scale: 1: 35,000 cm on the map). Nine new landfill sites were hypothesised from the map of the region and the realities of field surveys to all parts of the metropolis. The numbers of ESWAMA dumpsters along the streets of the zones (Table 2 ) and other facilities were obtained from the ESWAMA operation unit and also confirmed by direct observation of the dumpsters in zones during field tours. Pictures were taken during each trip to determine the level of waste accumulation and later analysed to check conformity with collected data. The obtained data agrees very well with field observations. The centre of each zone for possible location of an ESWAMA zonal office was proposed following critical analysis of the collected data. Note: Zone distance represents the centre distance of zones from ESWAMA office (scale 1:35,000 cm). Table 2 through 4 displays typical values of relevant parameters for this work. The values can be used for the analysis of solid waste management and presentation of optimal schedules. Important parameters like the weight of a typical dumpster, fully loaded with solid waste (167 kg), number of daily trips of solid waste for a proficiently working compactor, r, (three trips) and the compactor capacity, Cc, in one trip (9,000 kg) were all ascertained. The total mass of disposable solid waste per day (27,000 kg) and mean values of the quantities itemised in Table 5 (questionnaire results) which may be determined from equation (1) are both useful for realistic analysis of the MSW specified in this work.
Analysis
where n is the zone size, m is the number of items, μ is the mean symbol, I A is average value of a particular item under consideration in the zone. The average daily mass of solid waste generated in a given zone is computed from equation (2).
where SW zi is the daily generated solid waste in i th zone, μ h is the mean mass of solid waste generated per inhabitant, P zi is the population density of the i th zone. The total number of compactors needed in each zone, N c , may be determined from:
where C c is the compactor capacity, r is maximum number of compactor trips per day and ⎡⎤ is a ceiling symbol. The minimum number of dumpsters can be determined from Table 3 . Accordingly, number of dumpsters needed for effective and efficient collection of solid waste in each zone may be determined from:
where N di is the number of dumpsters needed in i th zone.
EIA for implementation of proposed landfill sites
EIA and location analysis was carefully conducted for the establishment of the proposed landfill sites before proposing the landfill sites. The EIA is conducted in the region under the guidelines and group assistance of the Ministry of Environment, particularly through the National Environmental Standards and Regulations Enforcement Agency (NESREA). Official document are not issued to researchers but contractors and companies must present official documents before project execution. The EIA embodied in the article was part of academic exercise only. Procedures for procurement of official document for the article can be initiated when the proposal of the research is adopted for implementation. "Some of the functions of the Agency (NESREA) include the following:
1 enforce compliance with laws, guidelines, policies and standards on environmental matters 2 coordinate and liaise with, stakeholders, within and outside Nigeria on matters of environmental standards, regulations and enforcement 3 enforce compliance with the provisions of international agreements, protocols, conventions and treaties on the environment including climate change, biodiversity conservation, desertification, forestry, oil and gas, chemicals, hazardous wastes, ozone depletion, marine and wild life, pollution, sanitation and such other environmental agreements as may from time to time come into force".
The study area is blessed with perimeter expanse of virgin lands covered with woodland and tall grass savanna. Certain demographic analytic questions (age composition, per capita income, educational level, occupational structure) were factored into the questionnaire used for data collection in the different zones. Traffic analysis was performed to ascertain the number of potential solid waste generating modes in the area.
The analysis aimed at judging the alternative sites in the zones in terms of pedestrian and vehicular deposition of solid waste. There are fully developed good road network in the metropolis. All the proposed land fill sites have access roads, though some were not tarred. At least, free movement of compactors, wheel barrows and locally made trucks are guaranteed from the standpoint of good road network. Site economics was conducted to evaluate alternative sites in the zones in terms of establishment costs and operational costs. The cost of establishing each landfill site was properly analysed and possible transportation costs associated with the locations of the landfill sites estimated from the research data. Proximity of each landfill site to the target zones was examined critically. The proposed landfill sites are neither too close to the target zones in order to avoid pollution, nor too remote from the target zones in other to minimise transportation costs. The drainage patterns of each of these sites were carefully examined from the map that shows the contour lines of and its drainage pattern and also from field tours. Caution was exercised to ensure that the sites were not established where there will be flooding nor water-logging. Nearness to streams, rivers, wells, pipelines and run-off water ways was also avoided to mitigate water pollution problems. The opinion interview carried-out revealed that most of the inhabitants are ready to co-operate with the government to establish landfill sites in their area. Most of them are of the opinion that the government agency in-charge of waste disposal (ESWAMA) will compensate them properly, since they carry out subsistence farming on some of the proposed sites. This implies that social and psychological factors do not pose any potential danger to the proposed landfill sites.
Scheduling compactors to existing and proposed land fill sites
The problem presents an allocation situation where each zone can make use of a land fill site. The measure of effectiveness is the total distance travelled by compactors which must be optimised. Compactors are not intended to use multiple land fill sites to ensure effective routing system. The problem lies in allocating each waste source (Zone) to a land fill site on a one-to-one basis. Since the cost of transportation of the refuse increases with increasing distance, optimising the total distance covered in the disposal of the wastes from each zone to the landfill site will ultimately reduce cost. Hence, the total distance travelled is first optimised, then the cost implication evaluated from the data of Table 4 . The problem is best formulated as an assignment problem and solved using the Hungarian method (an algorithm which finds an optimal assignment for a given measure of effectiveness matrix).
Mathematical formulation of the problem

Assumptions
1 the ten compactors currently serving the ten zones work at full capacity 2 compactors work for every day of the week but drivers and crew men are under shift arrangement.
The assignment is a set of k entry positions in the distance matrix, no two of which lie in the same row or column. The sum of k entries of the assignment constitutes its total distance. Any set of assignment with the smallest possible distance gives the optimal assignment. The standard form of the assignment model is presented in literature (Sharma, 2005) . For this work, define the distance matrix to be the k by k matrix given by Table 6 . 
Then the mathematical formulation of the assignment (allocation) problem can be stated as:
Subject to the constraints The matrix in Table 6 is a square matrix. Also, the optimal solution of the problem would always be such that there would be only one assignment in a given row or column of the matrix. The scheduling of zones to landfill sites was accomplished by substituting the values in Table 1 into equations (5) through (6) in turn. The result was a 10 × 10 matrix problem beyond the capacity of enumeration method, transportation method or simplex method. Use of enumeration method involves itemising all possible assignments to obtain the most suitable. It is very tedious for large n, as n! possible assignments would be evaluated. The solution procedure by the transportation method results in an assignment problem which is inherently degenerate, as the basic feasible solution of a general assignment problem with a square pay off matrix of order n must posses m + n -1 =1n + n -1 = 2n -1 assignments. The restriction of each facility to only one task necessitates the addition of n -1 number of dummy allocations to remove degeneracy at each solution, making the transportation model computationally difficult. There are n × n decision variables and n + n equalities in the general mathematical formulation of the assignment problem. This work for example, yielded 100 decision variables and 20 equalities such that solution with simplex method is hard. Hence the Hungarian method was used to obtain the optimal schedule of zones to landfill sites.
Table 7
Matrix of the assignment problem 
S/N Zone/LF S Acronym A* B C D E F G H I J Allocation
The Hungarian method
The Hungarian method is a standard and very efficient algorithm in finding the optimal solution of an assignment problem without encountering the difficulties of the other solution procedures. The assignment algorithm works to reduce the given effectiveness matrix (distance travelled from zones to landfill sites) to a matrix of opportunity costs. Optimal assignments are obtained when the effectiveness matrix (distances) is reduced to the extent of having at least one zero in each row and column.
The equations that will be inserted if commercial software is used are obtained from Table 1, Table 7 and equations (5) through equation (8). 
Results and discussions
The steps above were used to obtain initial basic feasible solution to the problem which was not optimal. Thereafter, a few more weeks of iteration of the optimality algorithm produced the optimal solution depicted in Table 8 , where k lines equal k rows or k columns of the matrix. Table 8 Optimal solution of the assignment of zones to landfill sites Ab  32  51  26  20  24  37  0  17  38   2  TE  46  47  28  8  37  33  19  28  45   3  NE  16  38  27  20  30  27  17  1  21   4  GR  30  31  9  25  15  9  16  13  27   5  OA  8  11  5  4  16  6  13  12  9   6  NL  17  14  2  21  1  26  16  7  10   7  CA  12  13  0  7  43  28  34  30  14   8  IG  13  0  15  26  43  7  47  47  24   9  AL  0  4  11  32  0  32  37  11  0   10  IL  21  21  24  18  26  31  26  1  3   Table 9 presents the optimal assignments of the zones to landfill sites. This is the total distance involved in implementing the proposed nine landfill sites. It is easily observed that the result (155 cm) is less than the least total distance (245 cm) in Table 1 . 
Existing scheduling system
The existing management practice demands that all compactors (ten number) takes off from the ESWAMA office. The total distance involved in evacuating solid waste from the ten zones to the existing landfill site is an important parameter. It was estimated to be about 189 and some fraction kilometres (189.35 km). On this basis, the distance covered by a compactor for the three daily trips can be estimated. The result can assist in the computation of the daily transportation cost for three trips. Another significant parameter is the daily transportation cost for the whole region (ten zones). It is possible to determine the daily transportation cost for each compactor per kilometre as a prelude to computing the annual transportation cost of running the present management scheme. The foregoing parameters were computed and displayed in Table 10 . The prevailing exchange rate at the time of conducting this research (2007-2013) was used. 
New scheduling system
It was possible to reduce the effectiveness matrix (distances from zones to landfill sites) to the extent of having at least one zero in each row and column by the Hungarian algorithm (Table 8) . Table 9 presents the optimal allocation of the proposed zones to landfill sites. The minimum distance associated with the proposed schedule is 155 cm (54.25 km). This result shows that the total distance travelled by a compactor per day is 162.75 km. The overall daily transportation cost associated with this assignment is $214.88, since a compactor is required to dump three trips of solid waste for a full day's work. The annual transportation cost for the compactors associated with the proposed schedule is $74,431.51 against the existing value of 43,800,000 naira ($273,750) . The result indicates a cost saving opportunity of about one $195,318.49, should the proposed schedule be pursued and implemented. This translates to about 70.82% reduction in existing solid waste disposal cost.
Table 11
Comparison of the research results with the current schedules 
Comparison of the research results with the current values
A new waste disposal management system is proposed which resulted in significant alteration in the existing facilities. The rule of the thumb technique used in procuring the facilities may be the reason for strong disparity between the existing and proposed scheduling systems. Table 11 compares the results obtained from the research work with what obtains currently for each zone. The proposed schedule can be determined from the collected data using models (2) through (4). There exist observable wide gaps between some of the parameters. This necessitated the changes in the waste disposal management system. The changes appeared to be positive in almost all cases, except in the distances from each zone to the existing landfill site. However, this conclusion must be quoted with care, because reducing the distances N 1 to the corresponding values in N 2 requires that; first of all, the proposed zonal offices of the disposal agency (ESWAMA) be implemented. The wide margins underscore the need for research design approach to MSW management decisions and implementation in the studied region, and also in locations where solid waste management and control facilities are procured and distributed to inhabitants at random. If these gaps, especially the distances between solid waste collection centres and disposal site are left as it is, then the idea of disposing solid waste at unwanted places in the region will continue to increase with the increasing population. Other results of the study are further elucidated as summarised in Table 12 . 
Funding of the proposed schedule and return on investment
The total estimate of the additional cost of the proposed schedule from Table 12 is $527,100.00. The total cost savings from the proposed schedule is about $195,318.49. The final investment value A, and the return on capital Investment (employed) (ROI) can be computed using equation (9) through (10) (Khanna and Sarup, 2007) . The lending rate of most commercial banks in the studied region is 21%.
(1 )
100
Net profit Return on capital employed
Capital employed = ×
( 1 0 ) where P is the principal amount of money to be invested at the rate of r per period for t number of time periods, r and t are in the same units of time. Hence, the accrued amount of investing in the proposed model would be $921,510.00. Dividing this amount by the total annual profit from the proposed model gives the number of years of the return of the accrued investment as 4.7 years. The result shows that the capital investments needed in the proposed schedule can be recouped in approximately five years. The results also indicate that the return on capital employed to execute the proposed management system is 21%.
Policy statement
The following steps may be taken by the MSW management authority (ESWAMA) to improve the solid waste disposal effort in line with the realities of this research. Additional 12 compactors should be purchased for effective evacuation of the solid waste generated each day. The existing three trips arrangement for compactors per day should be upgraded to five trips per day and shift work considered for drivers and personnel. Approximately 3,318 dumpsters should be purchased to augment the 930 dumpsters currently in use. In the curse of procuring the proposed dumpsters, different colours of dumpsters should be considered for different categories of wastes and intensive training conducted for the waste generators on the appropriate dumpster colour for each solid waste category. For example a red coloured dumpster may contain radioactive or poisonous waste, green coloured dumpster can contain biodegradable waste while yellow and white dumpsters could be set aside for combustible waste and recyclable wastes respectively. Nine more landfill sites should be created and assigned to the zones in line with the research allocation schedule. A branch office of ESWAMA should be established in each zone. The compactors should be made to take off from and return to the zonal offices after each day's work. This step would further reduce the waste disposal transportation costs.
Conclusions
An attempt had been made in this work to present an optimal schedule for handling solid wastes generated in a mass land intensive area subjected to ineffective mono-landfill site. All the steps taken to arrive at the results were carefully delineated and applied to data obtained from Enugu, south eastern Nigeria. The absence of adequate land fill site was found to contribute immensely to the very poor MSW management in the area, as only one land fill area serves the entire length and breadth of the capital city. Nine new landfill sites were proposed for the metropolis according to the ten geographical zones of the region, to augment the existing mono-landfill site in the area. Map of the metropolis was used to collect necessary data regarding the distances from zones to landfill sites. The allocation of these sites to the zones was formulated as an assignment problem and solved by Hungarian method. The location of the proposed landfill sites were such that the convenience, health and safety of the inhabitants as well as extant environmental regulations were not violated. The Hungarian method used to obtain optimal solution to the assignment problem that resulted followed a procedure that allows solid waste generated in a particular zone to be tied to one and only one landfill site. The result of the method is not complicated or ambiguous. It can easily be implemented. The research introduces a design strategy that would curb the menace of poor solid waste handling in the region. Another key advantage of the proposed method is that improvement opportunities as well as exact specification of facilities needed to finally arrest the alarming problem of MSW disposal in the studied area have been carefully delineated. This design if correctly applied is capable of reducing the total cost of waste disposal in the metropolis by 70%.
The proposed method ensures the use of optimised travel distances which minimises the running cost of the compactors while introducing laudable practices; for instance, shift arrangements. The travel distances considered by the method are restricted to those involving zonal centres to the landfill sites. The authors did not consider other obvious vehicle shuttles within each of the zones. The dumpsters or collection centres are located at strategic locations determined by rule of the thumb, where the compactors can gain easy accesses. This work did not investigate the optimality of the existing dumpster locations. It is noteworthy that optimal dump to dump compactor tours within the zones is beyond the capacity of the method used in this research. The exercise could necessitate modifications of the assignment approach used in the study or complete development of new routing models. Comparison of the proposed landfill sites with the construction of transfer stations was not made. In addition to the issues raised in this section, future research effort can delve into the evaluation of dumpster locations in the region, optimisation of the compactor routing within the zones and standardisation of the compactor loading, touring and disposal times for improved MSW management.
